Instantaneous relationship between solar inertial and local vertical local horizontal attitudes by Vickery, S. A.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19770024112 2020-03-22T07:31:13+00:00Z
tk
INSTANTANEOUS RELATIONSHIP BETWEEN SOLAR INERTIAL
AND LOCAL VERTICAL LOCAL HORIZONTAL ATTITUDES
Job Order 81-397
(NASA-C'1-151489)	 INSIA;NTANEUUS RELAIIONSEIP
BEIWFE N SCLAB INFRTIAL ANC LOC
A L VERTICAL
LUCA I HURIZC h IAL A111TULES (Lockheed
Electroan 4 Cs Cc_)	 17 F HC Au2/k1F A01 CSCL 03B G3/90
j- 15-l At 31
Unclas
45633
rw .a
Prepared By
Lockheed Electronics Company, Inc.
Aerospace Systems Division
Houston, Texas
Contract NAS 9-1200
For
SFP 1577
MISSION PLANNING AND ANALYSIS DIVI$ItN 
RECEIVED
NAS,^ s>i ; ^c iulll\ r, INPUT BRANCH
National Aeronautics and .Space Administration
L YNDON B. JOHNSON SPACE CENTER
Hou ston, Texas
June 1977
LEC-10711
INSTANTANEOUS RELATIONSHIP BETWEEN SOLAR INERTIAL
AND LOCAL VERTICAL LOCAL HORIZONTAL ATTITUDES
Job Order 81-397
PREPARED BY
	 M.- ,
\	 ^	 11
Stephanie A. V4ckery 	 0
APPROVED BY
J. P. Davfsj Supervisor
Support Soft are Section
F. N. Barnes, Manager
Dynamic Systems Department
Prepared By
Lockheed Electronics Company, Inc.
For
Mission Planning-and Analysis Division
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
LYNDON B. JOHNSON SPACE CENTER
HOUSTON, TEXAS
June 1977
LEC-10711
L l
F
TECHNICAL
	
REPORT	 INDEX/ABSTRACT
(See instructions on reverse side.)
I.	 TITLE	 AND	 SUBTITLE OF	 DOCUMENT	 Z.	 JSC NO,
Instantaneous Relationship Between Solar Inertial and	 JSC-12637
Local Vertical	 Local Horizontal Attitudes
3,	 CONTRACTOR/ORGANIZATION NAME d,	 CONTRACT OR GRANT NO.
Lockheed Electronics Company,
	 Inc. NAS 9-15200
5,	 CONTRACTOR/ORIGINATOR	 DOCUMENT NO. 6,	 PUBLICATION	 DATE	 (THIS	 ISSUEI
LEC-10711
T.	 SECURITY	 CLASSIFICATION B.	 OPR	 (O F FICE	 OF	 PRIMARY	 RESPONSIBILITY)
Unclassified A. A. Menchaca/FM2
Mission Planning and Analysis Division
9,	 LIMITATIONS
GOVERNMENT HAS UNLIMITED RIGHTS	 ® TES	 NO
10.	 AUTHOR(S)
Stephanie A. VickeryAND AUTHORITYIF	 NO,	 STATE	 LIMITATIONS
II,	 DOCUMENT	 CONTRACT	 REFERENCES 17.	 HAR" ARE	 CONFIGURATION
WORN	 BREAKDOWN STRUCTURE NO. SYSTEM
Job Order 81-397
CONTRACT	 EXHIBIT NO. SUBSYSTEM
DRL
	 NO.	 AND REVISION MAJOR	 EOUIPMENT GROUP
DRL
	 LINE	 ITEM NO.
13,	 ABSTRACT
The instantaneous relationship between the Solar Inertial 	 (SI) and Local	 Vertical
Local Horizontal	 (LVLH) coordinate systems is derived. 	 A method is presented for
computation of the LVLH-to-SI rotational transformation matrix as a function of
an input LVLH attitude and the corresponding look angles to the sun.	 Logic is
provided for conversion between LVLH and SI attitudes expressed in terms of a
pitch, yaw,	 roll	 Euler sequence.
Documentation is included for a program which implements the logic on the Hewlett-
Packard 97 programmable calculator.
IA,	 SUB)ECT	 TERMS
JSC Form 833 (Rev Sep 74)
	 NAJA-Ja{
,
p	
III`	
T	
^	
d
^T
u 
SI	 ^T[R] REF
	 u2
u 33
u3
	
-S REF
u l = unit [hREF " SREF]
^	 ^	 ^
u 2 = u 3 XL'1
where
(1)
(2)
(3)
(4)
^1I
	 I'i
INSTANTANEOUS RELATIONSHIP BETWEEN SOLAR INERTIAL
AND LOCAL VERTICAL LOCAL HORIZONTAL ATTITUDES
The Solar Inertial (SI) coordinate system is centered at the orbiter center of
mass and is defined such that the negative z-axis is directed toward the sun,
the x-axis is in the orbit plane and positive in the direction of motion at
orbital noon, and the y-axis completes the ortho gonal, right-handed coordinate
system. Thus, the SI frame is related to an arbitrary reference frame (REF)
through the rotational transformation matrix
and
S
REF = unit vector in the reference frame from orbiter to sun
hREF - orbital angular momentum vector in the reference frame
(- rREF " vREF)
rREF = orbiter position vector in reference frame
v
REF = orbiter velocity vector in reference frame
The Local Vertical Local Horizontal (LVLH) frame is centered at the orbiter
center of mass and is defined such that the y-axis is along the negative
orbital angular momentum vector, the z-axis is along the negative position
vector, and the x-axis completes the right-handed, orthogonal coordinate
system.
Then the relationship between the SI frame and the LVLH frame is given as
"T
u1
[R] LVLH	 '2(5)
"T
U3
where	 u3 = 
-SLVLH	 (6)
u 1 = unit [hLVLH " SLVLH]	 (7)
u2 = u 3 x U 	 (8)
From the definition of the :VLH frame,
0
hLVLH = (0)1(g)
Thus from eq. (7)
-S3/0
u 1 =	 0	 (10)
S1/0
2
where	
Si = SLVLH(')
D2 + S3
i=1,2,3
Carrying out the cross product indicated by eq. (8) gives
-S1S2/D
u 2
 =	 D
	
(12)
-S 2S 3/D
The relationship between the SI system and the LVLH system is given by the
matrix
-S3/D	 0	 S1/D
LVLH = -S
1 S 2/D	 D	 -S2S3/D
	
(13)
-S 1	 -S2	 -S3
where S i and D are defined in eq. (11). All that remains is to define the
orbiter-to-sun line-of-sight vector in the LVLH system, SLVLH'
Suppose that the orbiter attitude is given in terms of pitch, yaw, roll Euler
angles with respect to LVLH and the pitch, yaw look angles to the sun are
given. Both types of data are given by the Shuttle Attitude and Pointing
Timeline (SAPT) Program and by the HP9825A Super Sighter (SS) Program and
are usually published in Reference Flight Profile documentation.
From the pitch, yaw look angles to the sun ( Psun' Ysun) the orbiter-to-sun
line-of-sight unit vector is computed in the orbiter body (BY) system as
3  
H(II	 4 l	 I	 JI
I  
cos (Psun) cos (Ysun)
SBY =	
sin (Ysun)
-sin (P sun) cos
 (Ysun)
The pitch, yaw, roll Euler angles which define the orbiter attitude with
respect to LVLH are used to construct the LVLH -to-BY matrix
[A] LVLH = CRX (roll)I (R` ,yaw)] CR Y (pitch )]
(14)
(15)
where
1	 0 0
RX (a) = 0	 cos (a) sin (a)
0	
-sin (a) ccs (a)J
cos	 (a) 0 -sin (a)
RY (a) = 0 1 0
sin	 (a) 0 cos (a)
cos
	
(a) sin (a) 0
RZ (a) _ -sin	 (a) cos (a) 0
0 0 1
(16)
(17)
(18)
The unit vector in the LVLH frame along the orbiter-to-sun line of sight is
given by
rr
[AT]LVLH
SLVLH 	 BY	 SBY	 (19)
Given the LVLH attitude and the look angles to the sun, the equivalent SI
attitude is computed by extracting the pitch, yaw, roll Euler angles from
I 4
11LVLH
BY 
[M] SI - [A] LVLH ^RTJSI	 (20)
Once the SI-LVLH relationship has been established, an equivalent LVLH
attitude may be computed for any given SI attitude by constructing the SI-to-
BY matrix [M] BY from the pitch, yaw, roll Euler angles with respect to SI as
[M1SI = [Rx (roll)][RZ (yaw)] RY (pitch)1	 (21)	 r
and extracting the pitch, yaw, roll Euler angles with respect to LVLH from
the matrix
11[A] LVLH - [M]SILRTJ 
SI
LVLH	 (22)
A summary of the SI . LVLH attitude computations is given in the flow
diagrams.
A program was written for the Hewlett-Packard 97 programmable calculator to
perform the SI +-* LVLH computations. Documentation and sample output of the
HP-97 program are included.
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cos (Psun) `cos (Ysun)
SBY = sin (Y sun)
-sin ('sun)	 cos (Ysun)
f(A] BY
=	
[RX(roll)][RZ(yaw)][RY(pitch)]
S1
LVLH
S 2	 - S LVLH
T
=	
[A ] BY SBY
S3
PITCH, YAW LOOK ANGLES TO SUN
PITCH, YAW, ROLL ATTITUDE
WITH RESPECT TO LVLH
....
LVLH TO SI ATTITUDE CONVERSION
1: 
ENTER
INPUT
D = S^ + S3
	
OUTPUT
-S3/D	 0	 S1/D	 LVLH-TO-SI MATRIX
[R]SI= -S 1 S 2/D	 D	 -S2S3/DLVLH
-S 1	 -S2	 -S3
BY	 BY
I
LVLH
[M] SI
 - [A]LVLH[RI]SI	 SI-TO-BY MATRIX
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EXIT
6
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EQUIVALENT SI, LVLH ATT_TUDES
INPUT
PITCH, YAW, ROLL ATTITUDE
[A] BVLH - [R X(roll) ] [ ZR (yaw) ][R [ y
R (pitch) ] WITH RESPECT TO LVLH SI
LVLH-to-SI MATRIX [R] SI
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EXIT
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	 13	
-180°C11	 < PITCH < 18
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p
SS 57
1;
1soR
jA
S9 3:,,PI 1	 33 - 1 31% 3:L 1 3, x j
A 
rrtl, sccaU I 
B P
IU s:rczta I 
C 
L 1 4^ I SCrAt.[L
0
I 
E
1 
0 1
12
i
TYPICAL USAGE OF THE SI +-+ LVLH CONVERSION PROGRAM	
ORIGII^rA
OF 
pOOR QQAG^ IS
12jGiver. LVLH attitude356.8 pitch
12.2 yaw	 from Reference Flight Profile
1201.8
for OFT-1,
 roll	 JSC Internal Note 77-FM-15 at MECO
Look angles	 1346.5 pitch
to sun	 1319.2 yaw
Input pitch, yaw look angles to sun 316.5',@60'0345.21100'30
EWGSEa
(	 356.51101 c6 EN-:
Input LVLH pitch, yaw, roll attitude II
	 12.ZCi0= 0t ENT,
\ 40;.8000-Z. 6-130
30 g g6322 **:i.
Compute equivalent SI attitude 15.4650654 4vi
SI -162.5.=0651 rrs
and construct [R] LVLH
(	 51:.	 )6'ij 062 EH 7'f
Input computed SI attitude
-
15.406.52"3-
1 -162. 5121231
ENT,
bJD.
r''"'3. Ctle..y^ p1 t:r"	 .
and compare output LVLH attitude 2.2€10302
LIE-
)"
with the original	 input LVLH attitude 0300 »:•::
C. [W.J9? Et 74
Input 0,0,0 Solar Inertial Attitude	 i	 c-oaoe0 13 EN790.000060 uSLZ
84.-,23495 *4A
and compute Equivalent LVLH Attitude	 0.66[00611 +**25.1+1304: k*+
e ' 600030 ENTI
Input 0,0,0 LVLH Attitude 	
8.62.1-100[ Eh71
1i. tlGbtl111;f ;; SEh
65De
F«.
bS^J
r«.
65066
^SnG
53.`761 I_ 1*4
and compute equivalent SI Attitude	 l 27.863b 7c: *44
-..012192 **?.
83.5761' 5 Ei.7r
Input the computed SI Attitude	 7.0636?0 E';2 
PJ, U.c.4<
and compare the output LVLH Attitude	 1.45969 6.^^
to the 0.0.0 LVLH Attitude 	
I.65I577c•2•e-87 +++
9.82613 1 #.r+
(Note computational error of 10-6 deg.)
Angles are input and output in pitch, yaw, roll order in degrees.
^a f
TYPICAL USAGE OF THE SI El LVLH CONVERSION PROGRAM (CONTINUED)
For in input pitch,
	
.16. -5;3[1000 ENi1
yaw look angles to 344,200;108 rSS,
the sun P«S Columns of
Display the 0.95 ;421
r,GLI
x:1.; the LVLH-to-SI
computed LL2 matrix
unit line-of-sight -0.2a4496 ix SI
vector S
RCL3 [RI LVLH
BY 0.228512 x#
f«S
For input LVLH 356.50000+0 EN,r•t
attitude 12.2ZJOW, El-Ti
201.8•;611911 Set
Compute the SI •`56052
attitude 1°. 405L'.4 x+#_
and display (-162.512591 .#M.r. Columns of the
the stored matrices* SI-to-LVLH
matrix
656E r 
T1 LVLH
LRJSI
Columns of
the SI-to-BY
0.150320 #44
##.#
matrix -0.52547'
-0.:2541.; ^xx
BY
[M] -6.267001
-0.91915.
0.2S9582 x#-
-0.951'1021 *1.4
0.204496 #a:+	 For the input
-
11.22451 2 x1#' LVLH attitude
r'^«S
GSSE
G.a949i2 t##
-0.467-
 9
-0.678511 #x#
0.1100000 x.##
11.482641 xa:#
-0.469673 xx#:
0.995096 x1#
0.1446456 x:xx
a. 887323 yt4
6S::E
o SEG
.	 a.a9c^•912 #xx
0.0110000 x,1.
6.995096 x#+
-0.467369 xt.
11 .80^2841 1 #:#
14.[46456
-0.87S511 #x#
-0.46967 5 fifiF
a. 68732:
3511. ^ •_:19t'li: Uv .
12. 20111'00 E li ^ !
Lbi. •^ i^Uer tU l•^Dh
*Matrices are printed
from primary storage
registers 1-9 by columns
Display the
columns of the
LVLH-to-BY
matrix
(Al BYLVLH
.>'- E92 x.nt
0.216636 r. +1
-a. c=6727 #t#
0.211325 +11
Extract the
pitch, yaw, roll
angles back out
	
c+ . 36951	 .t 1#
11.[,` 4 SE  t #o
	
-0.9314;9	 ert
GS=,;
12.200000 1-1 #
- 158.2601'3 0 tt:r.
